INTRODUCTION
As a huge amount and variety of parts in the power grid, the insulator occupies an important position in the transmission lines [5] . On one hand, it provides mechanical support for the conductors of the transmission current; on the other hand, it prevents the current forming a channel to connect with ground, and plays a role of insulation. However, the insulator is an easily damaged component in the transmission lines. Due to the impact of the mechanical loads, icing, temperature rising, wind blowing and other weather conditions in the nature for a long term, the insulator may be damaged and lose insulation, which causes power outage and even results in grid fault in a severe case, so it is directly related to the safe and stable operation of the transmission lines.
CORRELATIONAL RESEARCH OVERVIEW
The traditional insulator detection technology is mainly based on the manual inspection. For example, irregular inspection is organized every year, climbing inspection is organized every two years, and faulty insulator detection is organized every other year, in order to find zero or low-value insulators and other problems, and facilitate timely replacement. However, the manual inspection has a low efficiency, large working strength and slow detection speed, and the object is high-voltage transmission line. Therefore, the personnel safety toward the detection personnel also has different impacts in the detection [6] . Therefore, this paper adopts the insulator images shot by CCD camera for UAV patrol to acquire one or more images of the insulators to be detected, and recognize and locate the insulators by the image processing and analysis technology, and detect the insulator state.
THEORETICAL BASIS OF RESEARCH
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Keywords: image segmentation; Hough transformation image recognition; Canny edge detection method; image edge positioning aerial image background is very complex, which may contain noise, tower, lines and other false targets. And these characteristics can reduce the accuracy of the edge detection algorithm. 3) Texture-based method, which is used to analyze the texture features of the interesting target, and distinguish the target and background on this basis. However, the false target of the texture feature may be similar to the insulator, resulting that the application of the method is not strong.
MAJOR RESEARCH TARGET
This paper mainly researches the feature extraction and recognition of the aerial images of the insulators, and adopts the improved Canny edge detection method, the insulator recognition method of Hough transformation to conduct image gray-scale processing, image segmentation, insulator recognition and the insulator icing state detection, in order to achieve the insulator state monitoring.
RESEARCH ADN IMPROVEMENT OF THE INSULATOR DETECTION METHOD BASED ON INFORMATION FUSION OF IMAGE CHARACTERISTIC QUANTITY

Image gray-scale processing method
In the digital image processing, the computer uses two bytes to represent one pixel. Each byte corresponds to the luminance of components R, G and B. The grayscale image only contains luminance information, excluding color information. At the system pre-processing stage, it is necessary to convert color images into grayscale images, so as to improve the subsequent algorithm speed and the actual effect of the system integrated application, thus achieving more desirable requirements. The grayscale images are used to quantize the luminance value and divide it into 0 to 255 with a total of 256 levels, of which 0 is the darkest, and 255 is the brightest. Color images are converted into grayscale images. The commonly-used empirical formula is shown as follows:
Where: Gray (i,j) is grayscale value of the converted grayscale image at the point of (i,j).
Insulator image segmentation method and improvement
The image segmentation is to divide the images into a number of specific regions with a unique nature, and extract the technology and process of the interesting target. The image segmentation is the key to turning the image processing to the image analysis, which is the basis for the expression of the target image and has an important impact on the characteristic measurement. This paper mainly achieves the insulator edge detection by the use of the improved Canny edge detection method. The traditional Canny edge detection method is to calculate the magnitude in neighborhood which is 2 × 2, which is susceptible to noise and therefore detects false edge; this paper calculates the gradient magnitude and direction in neighborhood which is 3×3. The specific method is shown as follows:
Calculate the partial derivative at the direction of x:
(1)
Derivative at the direction of y:
Partial derivative at the direction of 45° and 135°:
Finite difference of the first-order partial derivative at the horizontal and vertical directions:
Then substitute (5) and (6) into (7) and (8) and obtain the gradient magnitude A (i, j) and direction A (i, j) at any point (i, j):
The improved calculation method takes into account the diagonal direction of pixels, which improves the accuracy of the edge positioning even though the calculated amount is increased.
Improvement of image recognition method
Insulator recognition based on Hough transformation
The image feature is an abstract concept in a certain aspect of nature possessed to distinguish an object from other objects. In the pattern recognition, because the original information is too large and difficult to distinguish, it is impossible to directly apply the orig-inal information including all of the target information for the pattern recognition. This paper mainly researches the moment feature target recognition method. Since the insulator chain in the insulator images is elliptical, the Hough transformation can be used to detect the ellipse, that is, the insulator chain. This paper adopts a method of reducing parameter dimension by using elliptic geometric features, that is, by using the nature that the connecting line of the elliptical pole and the midpoint of polar line must pass through the center of the ellipse, and it first uses Hough to detect the center of the ellipse, and then performs Hough transformation to detect other three parameters of the ellipse.
Acquisition of the center of the ellipse The contour of the ellipse is detected in the grayscale image. First, there is a need to extract edge information from the original image and convert it into a single-width edge image. Let the edge pixel value be 1 and other pixel values be 0, namely, the edge image is normalized, and the coordinates of the edge pixels are stored in an array V, and the array size is N. The general part of the contour detection generally adopts mature algorithms, such as Canny operator used by the edge detection.
According to the conventional knowledge, a visual ellipse is to be formed on the digital image. The semiaxis of the ellipse shall not be too small, or the ellipse will be severely degraded. Thus, the distance between two possible symmetrical points can be judged. When it is less than a certain threshold, the two points are definitely not true symmetrical points, which may be adjacent points on the edge. This threshold should be generally greater than 3, which can also be properly set according to the specific conditions of the image. The purpose of setting the threshold is to further highlight the statistical probability of the center of the ellipse. When the image content is relatively simple, it is not necessarily to judge the distance, so as to further improve the operational efficiency.
Assuming that the coordinates of two symmetrical points are respectively (x1, y1) and (x2, y2), then the coordinates of the center point are: (9) As can be seen from Formula (9), in order to find the center point, there is a first need to find the points with a same line rate on the edge. For the binary image after image segmentation, the points connected with the edge are divided into the following eight categories: Four categories among them are with slope which is respectively horizontal, vertical, the direction of 45° and the direction of 135°, which are respectively recorded as L1, L2, L3 and L4; a trough category with horizontal domination, which is recorded as L5; a salient category with horizontal domination, which is recorded as L6; a right salient category with vertical domination, which is recorded as L7; a left salient category with vertical domination, which is recorded as L8. Eight useful categories of slope are extracted by the points in the image array V according to the above method, which are respectively set as L1-L8. A two-dimensional cumulative array A (m, n) = 0 is initialized, of which m and n are the size of the original image. We respectively calculate (x, y) for points in L1-L4, and make the accumulation array A (x, y) add 1; calculate the midpoint through taking (x, y) in L5 and (x2, y2) in L6, and make the corresponding accumulation array A (x, y) add 1; similarly, calculate the midpoint through taking (x1, y1) in L7 and ( x2,y2 ) in L8, and make the corresponding accumulation array A (x, y) add 1.
Finally, the coordinates corresponding to the maximum value in the accumulation array are the coordinates of the center point of the ellipse (p, q). We substitute the coordinates of the center point (p, q) into the elliptic equation (1), and select data from the coordinate array V of the edge pixel. In the three -dimensional space, there is only a need to apply Hough transformation to the statistics of the parameters, namely, a, b and θ. A set of parameters with the peak value exceeding the threshold value are a, b and θ of the ellipse, thus extracting an ellipse contour.
Insulator image edge positioning
After detection of the insulator edge in the image through Hough transformation, there is a need to locate the detection results and find insulators from the image. After a series of pre-processing, the original image contains a lot of edge information. In order to separate the target properly, the computer needs to be told what edges are insulators and which contour needs to be discarded, and this can be achieved by using the function model of the insulator appearance.
The ramp model proposed by Petrou is shown as follows: (10) Where, ε is a positive constant. The literature [5] proves that each scale of edge in the insulator image can be preferably represented by the ramp model shown in the above formula. Therefore, the ramp function can be used to represent the insulator edge, thus determining the position of the insulator in the edge image. After analysis of the sample image, the ramp model with the parameter ε = 1.2 is selected to represent the appearance characteristics of the most insulators. In order to prevent the loss of the edge and facilitate image processing, the width of the segmentation image shall be slightly larger than the maximum width of the insulator edge detected, and the height is also processed in a same way, thus segmenting a histogram with such length and width.
Insulator icing state detection method
The transmission lines are in a harsh natural environment and often suffer from the impact of the snow and ice disaster. The insulator icing often appears in the high-voltage transmission lines, which is an abnormal operating state that can generate greater harm. Severe icing may freeze the insulator chain as icicles and form a conductive water film on the surface in case of melting, resulting in the increase of the leakage current of the insulator chain. When the leakage current is increased to a certain extent, the partial arc discharge may be developed into flashover. Meanwhile, after insulator icing, the voltage distribution on the surface is not uniform and more prone to flashover. Therefore, icing and snow cover on the transmission lines seriously threaten the safe and reliable operation of the electric power system, so various measures must be taken to prevent ice trouble accidents.
The image-based insulator icing can be distinguished according to the morphological features of the insulators after icing. After the insulator icing, its radial length increases, and the extent of the radial increase directly reflects the degree of icing. The greater the increase of the radial distance is, the more serious the insulator icing is. Meanwhile, after insulator icing, it is prone to form strip-shaped icicles under the insulators.
EXPERIMENTAL RESULT AND ANALYSIS
To verify the effectiveness of the method in this paper, the method in this paper is compared with the existing method, which is used to respectively achieve the aerial insulator image segmentation and recognition and the edge positioning, thereby achieving effective monitoring of the insulator state and improving its monitoring accuracy. The experimental results are as follows. The image grayscale processing method takes the insulator picture as an example. Figure 1 is an original color picture; Figure 2 is an effect picture after grayscale transformation. 
Image grayscale processing
Image recognition
The stated method is applied for processing of the insulator images, and threshold segmentation of the original image, and removing noise and sticky regions. The original image, the image after threshold segmentation and the image after noise reduction processing are respectively shown in following diagrams (a/b), of which the white marks the oval part, that is, the insulator chain. Viewing from the experimental results, it can basically and effectively extract and recognize the insulators. Without losing the edge and obvious internal voids, the method in this paper contains fewer noise points and better segmentation effect. For the edge extraction of the insulator icing image, the image edge after the threshold segmentation and the points in the image fail to separate well, so it is impossible to calculate the maximum radial length. Therefore, there is a need to further extract the contour of the edge, and apply the improved Canny operator and Hough transformation for detection. The postprocessing images are shown as follows: Figure 6 . Insulator image after detection by the improved Canny operator.
CONCLUSION
Based on the complex features of the aerial image background, this paper proposes a kind of automatic segmentation and edge positioning method, in order to achieve accurate detection of the insulator images in the aerial images. The recognition method adopts the improved Canny edge detection method and Hough transformation detection method to achieve the edge detection of the insulator, which can retain the edge and suppress noise, with a complete segmentation target and less internal voids. It is also beneficial to realize the insulator chain feature description, thus achieving accurate detection of the insulator state and icing condition.
